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Abstract
Strong absorption of sound is often caused by the conversion of sound energy into heat. When this happens, it is not possible to
study the interaction of sound with the absorbing material by means of reﬂected sound characteristics, because there is no reﬂected
sound. Detecting for example the distance that sound travels in a strongly absorbing material, can be done by heat detection systems. However, the presence of temperature detectors in such materials interferes with the sound ﬁeld and is therefore not really
suitable. Infrared measurements are a possible option. Another option is the use of Schlieren photography for simultaneous visualization of sound and heat. This technique is brieﬂy outlined with a 3 MHz sound beam incident on a highly absorbing sponge.
Ó 2005 Elsevier B.V. All rights reserved.
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1. Introduction
Schlieren photography is based on the acousto-optic
eﬀect [1–5] and is important when ultrasound is to be
visualized [6–10]. In a Schlieren experiment, a wide
beam of coherent laser light propagates through a transparent medium in which ultrasound propagates. The
presence of sound generates a light-diﬀraction grating
which is caused by the spatially periodically varying
refractive index which in its turn is caused by traversing
soundwaves. Hence light is diﬀracted into several spatial
orders [1–5]. Since only orders diﬀerent form zero deviate from light that is not diﬀracted, the zero order ﬁeld
must be eliminated in order to visualize the presence of
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sound by means of the diﬀracted light. The obtained
light is then projected on a screen and can be used to
visualize ultrasound.
However, if an inhomogeneity in the refractive index
is present due to other eﬀects, it may also be visible on a
Schlieren picture. The visualization of heat often occurs
in other scientiﬁc areas by means of Schlieren photography as well [11–16]. Nevertheless, as far as we know, the
simultaneous visualization of sound and sound induced
heat, has not been reported yet.

2. Experimental setup
The experimental setup is sketched in Fig. 1. A
strongly absorbing sponge is glued on an iron plate
and is immersed in water at approximately 20 °C. A
1.6 W sound beam of 1 cm physical beam width and
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3. Schlieren pictures

Fig. 1. Experimental setup. An incident ultrasonic beam impinges a
highly absorbing sponge.

having a frequency of 3 MHz impinges the sponge. No
reﬂected sound is visible due to the strong sound absorption. The sponge forms an angle with the incident beam.
The angle is chosen randomly since the described eﬀect
occurs at each angle. Nevertheless the distance that
sound propagates in the sponge can be angle dependent.
The sound emitter is turned on for approximately 1 min
after which it is turned oﬀ. The coherent light that is
used to form the Schlieren pictures is emitted by a
Ô633 nm/20 mWÕ laser apparatus.

Fig. 2a–i show Schlieren pictures coming from the
experimental setup described above. The sponge is impinged with sound for approximately 1 min. Then the
sound emitter is turned oﬀ while the Schlieren image is
continued to be observed. In Fig. 2a, the situation is
shown an instant after the sound emitter is turned on.
It is seen that no reﬂection occurs. This is due to the
strong absorption of sound by the sponge. Fig. 2a–c
show the situation as time passes. It is seen that heat
is formed on the spot of incidence and that this heat
zone ÔgrowsÕ slowly. Fig. 2d shows the situation right
after the incident sound beam is turned oﬀ. It is seen that
the surface remains hot for a while. This hot zone diminishes slowly as is seen in Fig. 2d–i. Meanwhile, the formation of a heat convection cell is visible in Fig. 2e. This
cell rises slowly in Fig. 2f, tends to tear itself away in
Fig. 2g and dissolves completely in Fig. 2h. The situation after approximately 30 s is seen in Fig. 2i. Some instants later, no hot zone is visible anymore.

4. Conclusion and prospects
It is shown that the formation and the evolution of
heat due to sound absorption is visible on Schlieren pic-

Fig. 2. Sequence of Schlieren pictures of a sound beam impinging a sponge and the generated heat. a–c show the situation while the sound source is
turned on and corresponds approximately to a period of 60 s, whereas d–i show the evolution after the sound source has been turned oﬀ and span a
period of approximately 30 s.
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tures simultaneously with an incident sound beam. Further research is necessary to build a theory that describes the eﬀect correctly. The method could possibly
be used to ﬁnd critical angles in the absence of a reﬂected beam.
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